An explanation of the progression of stenotic lesions was sought in animal experiments. After surgical decrease of the lumen of arteries, progressive ingrowth of fibrous connective tissue led to the development of stenosis with changes in the artery that resembled those of coaretation. These changes are explained by the action of local blood pressures. Phenomena such as progressive stenosis, valvulogenesis, patterns of lipid infiltration, medial hypertrophy, thinning, and cystic change are discussed in terms of the concepts derived from these studies.
T IHE high pressure cardiad to stenotic arterial lesions, as for example in coaretation of the aorta and in closure of vital vessels such as the coronary arteries, is often sufficient to cause vascular injury with the production of aneurysms and rupture of the vessel wall.' Paradoxically, these continuously high arterial pressures never dilate the constricted a-terial ring and relieve the stenosis.
The same paradox holds for stenotic lesions of the cardiac valves. Thus, in aortic or pulmonic valvular stenosis, the hypertrophied ventricle generates high pressures that beat recurrently against the contracted outlet; yet the stenosis is inexorably progressive, leading ultimately to cardiac failure.2 3 These anomalous situations have been highlighte(l recently by repeated demonstrations that gentle digital dilation of stenotic mitral valves is sometimes sufficient to free the ag- Aided by grants H-690 and H-9271 from the National Heart Institute of the UI. S. Public Health Service.
Presented in part at the Nineteenth International Physiological Congress, Montreal, Proc. Int. Physiol. Cong. 19: 710, 1953 , and at the Second World Congress of Cardiology, Washington, D. C., Proceedings 2: 50, 1954. (glutinated leaflets and lead to clinical relief from the symptoms of obstructed blood flow. It is remarkable that the continuous action of the relatively high atrial pressure never achieves the same dilating effect as the momentary insertion of the surgeon's finger.
The mechanisms responsible for the development, persistence, and progression of these stenotic lesions have been ascribed to "congenital' 4 or " inflammatory' ' 
METHODS
In preliminary experiments an encircling silk or linen ligature was used to constrict the thoracic aorta in 6 dogs. A slight proliferation of the intima with the production of a ring-like thickening was observed at the site of narrowing. Similar findings leading to nearly complete obstruction were described nearly 50 years ago by Halsted.8 Since these changes could be attributed to injury of the vessel wall by the circumferential ligature, the procedure was modified to reduce the element of direct local injury.
In the experiments reported below, the cross section of the lumen was diminished by placing a mattress suture of linen or catgut in an are of the vessel wall. Care was taken not to injure the portion of the wall not involved by the suture material ( fig. 1 ). Sutures were placed in the descending thoracic aorta of 70 chicks and in the subelavian artery of 10 dogs. After periods of time up to 1 year, the animals were sacrificed and the heart and blood vessels were examined.
RESULTS
Effect of Slight Reduction in Lumen. In 13 experiments a suture was placed through a small are of the blood vessel wall involving less than 25 per cent of the cross-section area.
Examination at necropsy in periods up to 4 months revealed a small sear at the suture site as expected, but no significant changes were present in the remainder of the vessel wall.
These studies showed that the simple placement of the foreign material caused no significant change in the general structure of the vessel except for the local distortion, injury, and reaction.
Greater Degrees of Narrowing. The tissue protruding to the top, which bears a superficial resemblance to a valve-like structure, was part of a diaphragm-like growth in the fresh specimen. At the site of the protuberance into the lumen, a reorganization of direction of the medial elastic fibers can be discerned. The thin vessel wall and the lack of intimal proliferation beyond the site of narrowing are evident.
closed; a small orifice could always be seen.
At the site of the tuck an inflammatory round-cell infiltration and organization was present around the suture material, particularly within the first week or 2. In other specimens, the local inflammatory reaction had subsided.
The media in the regions not involved by the suture also showed changes. In some aortas there was an apparent change in the alignment of the elastic and muscular elements of the media. Upstream to the region of constriction the media had a well-developed muscularis and elastica. Beyond the constricting diaphragm the arterial wall was considerably thinned and the muscularis and elastica were of lesser thickness. A specimen demonstrating these differences in thickness of the vessel wall as well as showing a valve-like structure is illustrated in fig. 6 .
A thick-walled chick aorta above the region of narrowing, with reorganization of the elastic components of the media, and cystic change, is shown in figure 7 .
In 5 of 8 dogs in which a subelavian artery had been partially constricted by the method described for chicks, a marked narrowing was present at the site of suture placement. A diaphragm occluded the lumen except for a small orifice which remained in all specimens. Histologic examination revealed a pattern of intimal ingrowth into the vessel, generally similar to that described above for the chick.
Growth around a Linen Suture. In 6 chicks a linen suture was pulled through the aortic lumen, leaving a "violin string" bridge across it. The linen became completely covered by intima. The This interpretation provides an explanation for the paradox that the high upsteam pressure never dilates and "cures" a stenotic vascular ring. Similarly, restenosis of a surgically dilated mitral ring16 might be expected when a high velocity flow through it persists because of inadequate dilatation or because of the generation of an insufficiency at the site.
This hypothesis is supported by the experiments in which a suture bridging the lumen became covered by endothelium and connective tissue. The thinly covered upstream side was constantly subjected to the pressure of the stream, presumably inhibiting proliferation at this site. The downstream side of the suture was thickly covered with connective tissue and endothelium; it is this portion that would have the lowest pressures acting on it. The distribution of growth along the suture therefore conforms with growth patterns expected on the basis of the hydrodynamic interpretation given above.
In other studies we have illustrated some of these streamline patterns by use of "wallmapping" technics demonstrating the development of valves and stenoses of similar appearance.7
Further support for the hydraulic concept may be derived from unpublished data in cholesterol-fed chicks that show fatty infiltrations of the arterial wall above and below the site of narrowing, but not at the constriction itself. The high velocity at the narrowing results in a low local pressure, which would be associated with a reduced infiltration at this site.
Orifice. The process of progressive stenosis reaches an ultimate end point, at which a small probe patency remains. As the lumen becomes progressively narrowed, the resistance to flow through it rises sharply (Poiseuille 's law) and the velocity is reduced. The resulting local increase in lateral pressure may then act to halt intimal ingrowth. An These studies suggest that the structure of blood vessels may depend to a significant extent upon the action of physical forces on the intimal and medial elements of the vessel wall.
SUMMARY
The lumen in blood vessels of (hicks and dogs was reduced by placing a mattress suture in an are of the wall. A small reduction in the cross section area produced a localized inflammatory response; at autopsy the cross section was of the preoperative size. Placement of the suture to produce a marked reduction in cross section area was followed by intimal proliferation at the site, with the development of valve-like or progressive, coaretation-like stenoses. The intimal proliferation appears to result from hydrodynamic factors lowering the pressure locally.
The medial changes were related to the tension acting on the vessel wall. Above the constriction, where the pressure was high, the media tended to be thickened. Medial cystic spaces were present near the constriction. At the constriction, the lines of the elastic fibers were reorganized in patterns that may relate to the stress forces in this region. Below 
